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Abstract. —In Montana, Machimus occidentalis (Hine) is a typical free-ranging grass-

land asilid, whereas Machimus formosus (Hine) centers its activities around the entrances

of small mammal burrows. Their divergent microhabitat preferences are reflected in dif-

ferences in their thermoregulatory, mating, and foraging strategies. Both species are op-

portunistic predators that take a wide range of prey taxa and sizes.
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On western U.S. grasslands, robber flies

of the asilid genus Machimus display two

general types of microhabitat preference

(James 1941, Lavigne 1968, Dennis and

Lavigne 1979, O'Neill and Kemp 1992).

Machimus gilvipes (Hine) and M. formosus

(Hine) restrict most of their activities to the

vicinity of the burrows of small mammals,

spending much of the day perched on the

walls of the burrows. Machimus callidus

(Williston) and M. occidentalis (Hine), in

contrast, are more typical grassland asilids

that range relatively freely across their hab-

itats, perching on bare ground or low plants.

In Wyoming, Lavigne and his colleagues

have studied all four species, with particular

attention to M. gilvipes (Rogers and Lavig-

ne 1972, Lavigne 1968, Schreiber and La-

vigne 1986) and M. callidus (Dennis and

Lavigne 1979). Working in Montana,

O'Neill (1994, 1995) reported several prey

records for M. occidentalis, and O'Neill

and Kemp (1992) reported on the thermo-

regulatory behavior of M. formosus and M.

occidentalis. Here, I report on further be-

havioral observations and prey records of

these two species.

Methods

Machimus occidentalis, a gray robber fly

13-17 mmlong, was studied on 36 days

during June and July of 1988-1994. Most
observations were made in several gullies

14 km south of Three Forks, MT. One gully

was dry, with vegetation dominated by

grasses such as Stipa comata Trin. and

Rupr., Bouteloua gracilis (H.B.K) Lag., and

Bromus tectorum L., with scattered shrubs

(especially Rhus trilobata Nutt.). The other

gully, about 1 km to the south was more

mesic, and contained a large patch of lupine

(Lupinus sp.) mixed with grasses. Machi-

mus formosus, a yellowish-brown species

11-15 mmlong, was observed on 13 days

from late June-early August in 1988-1991

at a grassland site 10 km south of Three

Forks dominated by crested wheatgrass

(Agropyron cristatum L. (Gaertn)). Here,

the sizes of the robber flies are reported as

maximum head width, whereas those of

prey are given as body length or as the

product of body length and thorax width.

The latter was used in analyses as a simple

two-dimensional index of prey size that ac-

counts for variation in prey shape. Prey
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mass was not used because prey were col-

lected after the robber flies had fed for un-

known periods of time when prey were col-

lected.

Results and Discussion

Machimus occidentalis (Hine)

Machimus occidentalis ambushed prey in

mid-air after flights about 10-30 cm long

initiated from perches on the ground or on

low plants. The 125 prey collected included

insects from 29 families in eight orders

(Fig. 1) (sample sizes are given where N >
1): EPHEMEROPTERA,Leptophlebiiidae:

Paraleptophlebia sp.; Baetidae: unidenti-

fied sp.; ORTHOPTERA,Acrididae: Me-
lanoplus sartguinipes (F.) (nymph), Phlibos-

troma quadrimaculatum (Thomas)
(nymph); HOMOPTERA,Cicadellidae:

Philaronia bilineata (Say), Prairiana subta

Ball (3), Psammotettix lividellus (Zettinger)

(2), unidentified sp. (2 nymphs); Aphididae:

unidentified sp.; HEMIPTERA, Miridae:

Leptopterna ferrugata (Fallen), Litomiris

debilus (Uhler); LEPIDOPTERA, Geome-
tridae: unidentified sp.; Lycaenidae: Ly-

caenides sp.; Pyralidae: Crambus sp.; CO-
LEOPTERA, Chrysomelidae: Cryptoce-

phalus notatus F; Scarabaeidae: Serica an-

thracina LeConte, Aphodiiis vittatus Say,

Aphodius distinctus (Mueller), Dichelonyx

backii (Kirby) (15); Elateridae: Ctenicera

glauca (Germar); DIPTERA, Anthomyi-

idae: Paregle cinerella (Fallen); Asilidae:

Machimus occidentalis Hine (5); Atherici-

dae: Atherix pachypus Bigot; Calliphoridae:

Phormia regina (Meigen); Chironomidae:

unidentified sp. (3); Milichiidae: Pholeo-

myia indecora (Loew), Sarcophagidae: Ac-

ridophaga spp. (4), Arachnomyia sp. (2),

Blaesoxipha opifera (Coquillett), Protodex-

ia hunteri (Hough), Ravinia ihenninieri

(Robineau-Desvoidy) (2), unidentified sp.;

Sepsidae: Sepsis sp.; Simuliidae: Simulium

sp. (3); Stratiomyiidae: Sargiis cuprariiis

(L.); Tabanidae: Chrysops mitis Osten

Sacken; Tachinidae: Besseria brevipennis

(Loew), Chetogena tachinomoides (Town-

send), Frontiniella parancilla Townsend,
Ptilodexia rufipennis (Macquart), unidenti-

fied sp. (2); Tipulidae: Tipula sp.; uniden-

tified family; HYMENOPTERA,Formici-

dae (all alates): Formica ciliata Mayr, For-

mica subpolita Mayr (40), Formica sp. (3),

Lasius sp. (2); Halictidae: Lasioglossum

sp.; Ichneumonidae: Anomalon reticulatum

(Cresson), unidentified sp.; Mutillidae: un-

identified sp.. Nineteen of the ant prey and
six of the cannibalism records were previ-

ously reported in O'Neill (1992, 1994).

Machimus occidentalis took a wide range

of prey sizes relative to their own body size,

from an aphid just over 1 mmlong, to flies

and ants 10-16 mmlong (Fig. 1), but there

was no correlation between predator and

prey size (rs = 0.05, P = 0.59, N = 106).

Prey records from a particular site and time

were often quite uniform. For example, on

8, 9, and 12 June 1992 in the south gully,

25 of 31 prey were either large tachinids

and sarcophagids (N = 10) or the beetle

Dichelonyx backii (N = 15). However, on

10, 19, and 21 June 1992 in the north gully,

21 of 26 prey were alates of the ant For-

mica subpolita, males of which commonly
formed mating swarms in the vicinity and

provided a flush of resources for predators

in the area (O'Neill 1994).

As with foraging, the mating strategy of

male M. occidentalis consisted of ambush-

ing females passing in flight, without con-

spicuous courtship. Each coupled pair im-

mediately descended to low plants, the male

always remaining mounted dorsally on the

female during copulation. Males (mean ±
SE head width = 3.14 ± 0.02 mm) tended

to be larger than their mates (mean = 2.96

± 0.02) (N = 43, Wilcoxon signed rank

test, P < 0.001).

Machimus formosus (Hine)

As in Colorado (James 1941) and Wyo-
ming (Lavigne 1968), M. formosus centers

its activity around burrow entrances of

small mammals, which at the Montana site

were made by badgers (Taxidea taxus) and

ground squirrels {Citellus sp.). When the
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flies first became active each day, they

perched on fully insolated level soil outside

of burrow entrances, but as soil surface

temperatures rose above about 32°C, they

began perching on the walls of burrows,

down to depths of 14 cm (O'Neill and

Kemp 1992). During several surveys of the

surrounding grasslands, I observed an M.

fonnosus away from the burrows only once.

However, they were often common at bur-

rows. On 16 July 1989, 38 of 100 burrows

were occupied by individual M. fonnosus.

Two days later, 42 of 100 burrows were oc-

cupied, 21 by a single male, six by a single

female, 13 by flies of undetermined sex,

and two by pairs in copula. Occupied bur-

rows were sometimes within 1 m of one

another, but often separated by tens of me-
ters. I made no quantitative assessment of

distribution of potential burrows, but sev-

eral general factors seemed to be involved

in their occupation. The flies were not pre-

sent in older burrows partially filled with

soil, or at burrows with entrances blocked

by spider webs. In addition, burrows ori-

ented so that they provided no shade in the

afternoon were often abandoned during hot-

ter portions of the day.

In Wyoming, burrow-dwelling Machimus
gilvipes appear to take some prey directly

from the walls of the burrow (Schreiber and

Lavigne 1986), but in all 16 predations that

I observed, prey were taken in mid-air

above the burrow. The 43 prey of M. for-

mosus included insects from ten families in

six orders (Fig. 1): HOMOPTERA,Cica-

dellidae: Aceratagallia sp. (2), Commellus
sexvittatus (Van Duzee) (3), Psammotettix

lividellus (Zettinger), unidentified sp. (2

nymphs, 1 adult); HEMIPTERA, Miridae:

Adelphocoris lineolatus (Goeze); COLE-
OPTERA, Carabidae: Harpalus sp.; LEPI-

DOPTERA, Pyralidae: unidentified sp.;

Tortricidae: unidentified sp. (3); DIPTERA,
Anthomyiidae: unidentified sp., Dolicho-

podidae: Medetera vittata Van Duzee (12)

(this represents a new state record for this

dolichopodid for Montana; Bickel 1985),

Scatopsidae: unidentified sp. (6); Sepsidae:

Saltella sphondylii (Schrank); HYMENOP-
TERA, Formicidae (all alates): Dorymyr-
mex insana (Buckley), Formica neogagates

Emery, Formica obtusipilosa Emery, For-

mica subpolita Mayr.

There seems to be no particular reason

for some of the prey (e.g., leafhoppers,

moths, and ants) to be associated with

mammal burrows, so they probably just

happened to come within foraging range of

the resident fly. However, the scatopsids

and dolichopodids increased their vulnera-

bility by swarming above the burrows

which they perhaps used as landmarks. As
with M. occidentalis, there was evidence of

temporal variability in prey records for M.
fonnosus. On 18 July 1989, six of seven

prey were an unidentified scatopsid fly that

swarmed above burrows, whereas on 24

and 25 July, when scatopsids were absent

from prey, eight of 11 were dolichopodid

flies. Although the size distributions of

adults of the two Machimus species over-

lapped, M. fonnosus generally took smaller

prey (mean size = 5.7 ± 0.9 mm-, N = 41)

than M. occidentalis (15.8 ± 1.0 mm-, N =

106; Mann- Whitney test, P < 0.001) (Fig.

1).

Except during mating, the flies apparent-

ly occupied burrows alone, tolerating the

presence of conspecifics only during mating

interactions. Each of the seven times that I

observed two non-mating flies at a burrow,

one departed when approached by the other,

once when butted by the resident. Nine

mating pairs were observed on the walls of

burrows, all coupled end-to-end. The single

complete mating observed was initiated

when a female entered a male's burrow and

was caught in mid- air by the male; the pair

then descended in copula to the lip of the

burrow entrance where they mated for 7

min and 20 s.

Like many asilids, M. occidentalis and

M. fonnosus are opportunistic pred^ors

whose diets seem primarily determined by

their body sizes (relative to potential prey)

and by the vagaries of local prey availabil-

ity. The biology of M. fonnosus is partic-
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ularly constrained by the peculiar micro-

habitat preference that it shares with M. gil-

vipes and M. polyphemi BulHngton and

Beck (Bulhngton and Beck 1991). The use

of burrows by M. formosus affects their

thermoregulatory strategy (O'Neill and

Kemp 1992), as well as their foraging strat-

egy (because their prey base is restricted)

and their mating strategy (because mates

are available only in one spatially circum-

scribed microhabitat). However, by occu-

pying burrows, M. formosus may minimize

it's contacts with larger robber flies, such as

Ejferia staminea (Williston), which often

prey on smaller asilids, including M. occi-

dentalis (O'Neifl 1992).

Acknowledgments

I thank Ruth O'Neill for assisting in the

field, C. Riley Nelson for identifying the

asilids, and James Bess, Richard Hurley, T.

Keith Philips, and Catherine Seibert, for

identifying prey. Ruth O'Neill, Peter Jen-

sen, and Richard Hurley reviewed the man-

uscript. This work was supported by grants

from USDA-ARSand USDA-APHIS-PPQ
and by the Montana Agricultural Experi-

ment Station (publication #2000-2).

Literature Cited

Bickel, D. J. 1985. A revision of the Nearctic Mede-

tera (Diptera: Dolichopodidae). United States De-

partment of Agriculture, Technical Bulletin No.

1692, pp. 1-109.

Bullington, S. W. and A. F. Beck. 1991. A new species

of Machimiis Loew (Diptera: Asilidae) from bur-

rows of Gopherus polyphemus (Testudines: Tes-

tudinidae). Annals of the Entomological Society

of America 84: 590-595.

Dennis, D. S. and R. J. Lavigne. 1979. Ethology of

Machimus callidus with incidental observations

on M. occidentalis in Wyoming (Diptera: Asili-

dae). Pan-Pacific Entomologist 55: 208-221.

James, M. T. 1941. The robber flies of Colorado (Dip-

tera: Asilidae). Journal of the Kansas Entomolog-

ical Society 14: 27-53.

Lavigne, R. J. 1968. Notes on two species of Asilus

(Diptera: Asilidae) associated with animal bur-

rows, with a redescription of Asilus gilvipes Hine.

Journal of the Kansas Entomological Society 41:

334-339.

O'Neill, K. M. 1992. Body size asymmetries in pred-

atory interactions among robber flies. Annals of

the Entomological Society of America 85: 34-38.

. 1994. The male mating strategy of the ant

Formica subpoUta Mayr (Hymenoptera: Formici-

dae): Swarming, mating, and predation risk. Psy-

che 102: 93-108.

. 1995. Digger wasps (Hymenoptera: Spheci-

dae) and robber flies (Diptera: Asilidae) as pred-

ators of grasshoppers (Orthoptera: Acrididae) on

Montana rangeland. Pan-Pacific Entomologist 71:

248-250.

O'Neill, K. M. and W. R Kemp. 1992. Behavioral ther-

moregulation in two species of robber flies occu-

pying different grassland microhabitats. Journal of

Thermal Biology 17: 323-331.

Rogers, L. E. and R. J. Lavigne. 1972. Asilidae of the

Pawnee National Grasslands in northeastern Col-

orado. University of Wyoming Agricultural Ex-

periment Station. Science Monograph 25:1-35.

Schreiber, E. T and R. J. Lavigne. 1986. Ethology of

Asilus gilvipes (Hine) (Diptera: Asilidae) associ-

ated with small mammal burrows in southeastern

Wyoming. Proceedings of the Entomological So-

ciety of Washington 88: 711-719.


